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Areas	  of	  Focus	  
1.   Leveraging	  the	  Interna2onal	  Space	  Sta2on	  
2.   Planetary	  science	  robo2c	  missions	  to	  poten2al	  human	  des2na2ons	  
3.   Micro-­‐g	  body	  proximity	  opera2ons	  (e.g.	  asteroids)	  
4.   Autonomous	  opera2ons	  	  
5.   High	  and	  low-­‐latency	  telerobo2cs	  	  
6.   Human-­‐assisted	  sample	  return	  
7.   Contamina2on	  control	  
	  *	  	  	  	  InformaCon	  System	  ArchitecCng	  
•  Big	  data	  
•  …	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The	  following	  areas	  relate	  to	  the	  GER	  and	  reﬂect	  opportuniCes	  to	  work	  on	  
how	  roboCc	  and	  human	  operaCons	  enable	  each	  other:	  
Global	  Explora2on	  Roadmap	  (GER)	  Overview	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Introduc2on	  to	  the	  Global	  Explora2on	  Roadmap	  
Ø  Interna2onal	  Space	  Explora2on	  Coordina2on	  Group	  
•  Established	  2007	  a^er	  release	  of	  Global	  ExploraCon	  Strategy	  
•  12	  space	  agencies	  share	  exploraCon	  objecCves	  and	  plans	  
and	  advance	  concepts	  of	  mutual	  interest	  
•  The	  ﬁrst	  iteraCon	  of	  the	  Global	  ExploraCon	  Roadmap	  (GER)	  
was	  released	  by	  ISECG	  in	  September	  2011	  
•  Second	  iteraCon	  in	  August	  2013	  
Ø  Non-­‐binding	  reference	  for	  agencies	  
•  Informs	  stakeholder	  consultaCon	  
•  Informs	  near-­‐term	  decisions	  
	  
*	  	  The	  GER	  reﬂects	  the	  interna0onal	  eﬀort	  to	  
collabora0vely	  deﬁne	  technically	  feasible	  and	  
programma0cally	  implementable	  explora0on	  mission	  
scenarios	  with	  the	  common	  goal	  of	  humans	  on	  the	  




Common	  GER	  Goals	  
1.  Search	  for	  Life	  
2.  Extend	  Human	  Presence	  
3.  Perform	  Space,	  Earth,	  and	  Applied	  Science	  
4.  Perform	  Science	  to	  Support	  Human	  ExploraCon	  
5.  Develop	  ExploraCon	  Technologies	  and	  CapabiliCes	  
6.  SCmulate	  Economic	  Expansion	  
7.  Enhance	  Earth	  Safety	  
8.  Engage	  the	  Public	  in	  ExploraCon	  
A	  Sustained	  Presence	  -­‐	  Extending	  Human	  
Fron2ers	   New	  Knowledge	  in	  Science	  &	  Technology	  
A	  Global	  Partnership	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Economic	  Expansion	  
GER	  Goals	  &	  Objects	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ISECG	  Mission	  Scenario	  
Near-­‐Term	  Opportuni2es	  for	  Coopera2on	  
Ø  Interna2onal	  coordina2on	  areas	  have	  been	  iden2ﬁed	  
Ø  Use	  of	  ISS	  for	  ExploraCon	  
Ø  Space	  Systems	  and	  Infrastructure	  Development	  
Ø  RoboCc	  Precursor	  Missions	  
Ø  Advanced	  Technologies	  
Ø  Analog	  AcCviCes	  
Ø  Human	  Health	  and	  Performance	  Risk	  MiCgaCon	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Ops	  Challenges	  and	  Associated	  Ac2vi2es	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Opera2onal	  Challenges	  	  
&	  	  
Associated	  Ac2vi2es	  
1.	  	  Leveraging	  ISS	  
13	  
Ø  Key	  Ops	  Challenge	  
Ø Achieving	  suﬃcient	  operaConal	  test	  ﬁdelity	  for	  useful	  feed-­‐forward	  results	  
Ø  Ac2vi2es	  
Ø Long	  duraCons	  
Ø Year	  long	  study	  underway	  
Ø Twin	  studies	  
Ø …	  
Ø Carefully	  mimic	  mission	  scenario	  details	  
Ø Crew	  autonomy	  tests	  underway	  
Ø Low-­‐latency	  teleoperaCons	  (e.g.	  LLT	  science	  from	  ISS	  to	  ground)	  
Ø …	  
Ø …	  
2.	  	  Planetary	  Science	  Missions	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Ø  Key	  Ops	  Challenges	  
Ø  Sample	  acquisiCon	  
Ø  Sample	  quanCty	  &	  density	  





Ø  Asteroid	  RedirecCon	  Mission	  
Ø  Lunar	  Ops	  
Ø  RESOLVE	  
Ø  Low-­‐latency	  teleoperaCons	  
Ø  Human-­‐Assisted	  Sample	  Return	  
Ø Mars	  Ops	  
Ø  Low-­‐latency	  teleoperaCons	  
Ø  Human-­‐Assisted	  Sample	  Return	  
3.	  	  Micro-­‐g	  Proximity	  Opera2ons	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Ø  Key	  Ops	  Challenges	  
Ø NavigaCon	  near	  small	  body	  
Ø Dust	  







Ø Phobos	  roboCc	  precursor	  
Ø Low-­‐latency	  teleoperaCons	  –	  “stand	  oﬀ	  prox	  ops”	  
Ø …	  
Ø …	  
4.	  	  Autonomous	  Opera2ons	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Ø  Key	  Ops	  Challenges	  
Ø OperaConal	  conﬁdence	  in	  roboCc	  and	  other	  assets	  
Ø Crew	  autonomy	  
Ø EﬀecCve	  quick	  decision-­‐making	  










*	  	  Need	  to	  create	  high	  ﬁdelity	  autonomy	  tests	  
5.	  	  Teleopera2ons	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Ø  Key	  Ops	  Challenges	  
Ø ManipulaCon	  
Ø Balance	  between	  autonomy	  and	  crew	  control	  
Ø Balance	  between	  high	  and	  low	  latency	  (e.g.	  Earth	  vs.	  Mars	  vicinity)	  
Ø Rapid	  teleops	  
Ø  Dynamic	  science	  (e.g.	  atmospheric,	  biology)	  
	  
Ø  Ac2vi2es	  
Ø  ISS	  tests	  to	  ground	  –	  e.g.	  LLT	  science	  
Ø Asteroid	  Ops	  
Ø  LLT	  stand-­‐oﬀ	  prox	  ops	  at	  redirected	  asteroid	  
Ø  Lunar	  Ops	  
Ø  LLT	  of	  sample	  search	  and	  acquisiCon	  for	  	  	  
Ø  LLT	  of	  RESOLVE	  follow-­‐on	  for	  ISRU?	  
Ø  Landing	  site	  recon	  and	  prep	  
Ø Mars	  
Ø  Landing	  site	  recon	  &	  prep	  
Ø  ISRU	  and	  refuel	  
Ø  LLT	  science	  –	  could	  address	  planetary	  protecCon	  concerns	  
6.	  	  Human-­‐Assisted	  Sample	  Return	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Ø  Key	  Ops	  Challenges	  
Ø In-­‐space	  acquisiCon	  





Ø Lunar	  sample	  acquisiCon	  in	  free	  space	  (pre-­‐delivered	  by	  other	  party)	  
Ø Lunar	  farside	  LLT	  sample	  acquisiCon	  on	  surface	  and	  pick-­‐up	  in	  free	  space	  
Ø  Sample	  containment	  assurance	  
Ø Mars	  Ops	  
Ø Cis-­‐lunar	  free	  space	  acquisiCon	  
Ø Mars	  orbit	  sample	  acquisiCon	  
Ø LLT	  surface	  sample	  acquisiCon	  followed	  by	  Mars	  orbit	  pick	  up	  
7.	  	  Contamina2on	  Control	  
19	  







Ø Vent	  sampling	  underway	  
Ø Analog	  tesCng	  
Ø ArcCc	  soil	  sampling	  for	  microbial	  dispersal	  underway	  
Ø Low-­‐latency	  teleops	  from	  suﬃcient	  distance	  for	  special	  regions	  
Ø Human-­‐assisted	  lunar	  sample	  can	  test	  protocols	  for	  Mars	  sample	  and	  crew	  
return	  to	  earth	  	  
